The transition towards the knowledge economy has been accelerated by the emergence of new modes to produce and exploit scientific knowledge. Existing boundaries between disciplines and between basic and applied research seem to vanish in new emerging sectors like biophotonics, adaptronics, or nano-medicine, where many academic spin-offs act as intermediaries between different epistemic groups and different regions (GIBBONS ET AL., 1994; BENZLER, WINK, 2005) . Accordingly, geographical proximity and organisations acting explicitly as gatekeepers between regions to enhance the regional knowledge base seem to be of less relevance than in other -more technology-or culture-based sectors. The amount of codified knowledge should be higher for science-based sectors due to the more theoretical and abstract basis, and the novelty of these new sectors reduce the influence of existing incumbent (cultural) routines. Thus, "out-cluster" strategies seem to be easier for science-based firms (FON-TES, 2005) . Therefore, literature and policy are concentrating on the enhancement of cognitive proximity within the science-based sectors as prerequisites for successful knowledge generation and exploitation. Typical examples mentioned in the literature are the "Biopolis" in Singapore, where scientific researchers and firms are spatially concentrated in a specific area and leading Western scientists act as cognitive leaders for funding schemes, systems of academic qualification and recruitment, or Taiwan with an explicit innovation platform strategy (FINE- GOLD ET AL., 2004; GALLAUD; TORRE, 2004) . Within this paper, we analyse how gatekeepers are implemented in European and Asian regions and which consequences for knowledge management in science-driven sectors can be observed. We restrict our investigation to human embryonic stem cell research as a typical example for a relatively young scientific research field with high public awareness and several public supporting schemes in all industrialised countries (for overviews LIYANAGE ET AL., 2007) . It is characteristic for the new "mode-2"-knowledge based sectors (NOVOTNY ET AL., 2001), as the knowledge base is interdisciplinary with incumbent technological paradigms (e.g. transplantation medicine) and new scientific models (e.g. cell nuclear replacement as a new technique to emerge and derive new stem cells), the research has to integrate theoretical basic knowledge as well as concrete applications and the awareness of the general public is relatively high due to the expected options to cure so far incurable diseases and ethical concerns. This controversial assessment of ethical concerns could also create additional incentives for researchers to use international collaboration as a means to be at the leading scientific edge despite restrictions on a national level. The paper is organised in four parts. Firstly, an introduction into the theoretical basis is given leading to some basic hypotheses on the relevance and functions of gatekeepers. Secondly, the challenge for interregional knowledge interaction is described, which is then followed by a brief overview to stem cell research policies in selected European and Asian countries. Finally, experiences from selected regions and countries in Europe and Asia are used to discuss the chances and limits of interregional gatekeepers to enhance the knowledge base in science driven sectors.
2.
Knowledge and Proximity in Science-Driven Sectors Scientists can act as academic entrepreneurs being simultaneously engaged in scientific research and management.
These characteristics play a major role for the emergence of innovations, which is the result of a process of knowledge production. Within this paper, we follow an innovation system approach, which includes the whole process of knowledge production starting from knowledge generation via knowledge examination to knowledge exploitation. With the term innovation system, we refer to systemic linkages between single innovation networks to enhance interaction of knowledge between the networks and their members and to increase the innovative capacity of the whole system (COOKE ET AL., 2003; HARMAAKORPI; MELKAS, 2005 with further hints on regional innovation systems). These networks have relatively loose structures (compared to formal organisations) and are formed by heterogeneous groups (universities, firms, research units, services organisations etc.). Many papers on innovation systems focus on specific elements of knowledge production, for example scientific and firm research or finance. This paper takes a perspective on the whole knowledge production process to identify the different challenges for the use of gatekeepers along the process (COOKE, 2004 , on this systematic perspective on the whole process of knowledge production).
Knowledge generation as the source of knowledge production is based on learning and/or creativity (STEINER; HARTMANN, 2006) . Learning means the conscious or sub-conscious processing of own or foreign experiences, while creativity implies unconventional breaks with previous knowledge (ABERNATHY, CLARK, 1985) . Both processes depend on interaction, because stimulation for the human brain would be too weak without experiences from others to continuously form new knowledge. Knowledge examination means the critical assessment of These needs for interaction cause two specific problems of mutual dependence between the interacting parties: (1) the risk of misperception of the message due to different cognitive patterns by the interacting partners, and (2) the risk of default due to a lack of mutual trust and secure expectations on the credibility of the interacting partner.
The risks of misperceptions are related to the cognitive context of the interaction. The individual cognitive patterns -based on genetically determined preconditions in the human brain and social experiences -determine, how an individual interprets messages from interacting partners, connects these with already stored knowledge and decides on the actual meaning of The risk of default is caused by the asymmetrical distribution of information between the interacting partners typically discussed within the principal-agent-framework (HART; HOLM- STRÖM, 1987) . Only the individual knows whether he or she reveals correctly the experiential knowledge. Therefore, every partner fears to be exploited, as long as he or she cannot actually proof whether the communication partners answer to the revelation of new experiences with reciprocal interaction. Two different problems occur: quality uncertainties, which means that the receiver actually does not know whether the data received are worth to be processed and whether the time used to understand, interpret and apply the data is wasted and leads to failure, and moral hazard, which includes the risk of a communication partner to be exploited by the other partners, if she is providing her best information but only receives worthless data (BLUM; MÜLLER, 2004) . These fears can be reduced by common norms based on sociocultural or legal rules to solve two institutional needs: an institution to reduce quality insecurities by credible signalling or screening, and an institution to overcome incentives for default by credible control and sanctions (ZAHEER ET AL., 1998; NOOTEBOOM, 2002) . Again, this requires certainty that all partners comply with the norms. In science-driven sectors, knowledge asymmetries should be lower due to the common cognitive basis and the codified way of 1  2  3  4  5  6  7  8  9  10  11  12  13  14  15  16  17  18  19  20  21  22  23  24  25  26  27  28  29  30  31  32  33  34  35  36  37  38  39  40  41  42  43  44  45  46  47  48  49  50  51  52  53  54  55  56  57  58  59 ity of all networks, however, depend on the proximity between the nodes, as increasing proximity makes connections more reliable in contexts with different and changing conditions, which are typical for innovative environments. Gatekeepers are nodes that belong to different (regional) innovation systems and are able to integrate experiential knowledge developed in one system into interactions in the other system influencing the cognitive frames and institutional norms of the partners in the other system. Their integrative performance relies heavily on the proximity to nodes in both systems. But which type of proximity is necessary?
In this paper, we refer to a typology, which is based on the terminology of a paper by Boschma distinguishing between geographical, cognitive, social, organisational and institutional proximity (BOSCHMA, 2005 1  2  3  4  5  6  7  8  9  10  11  12  13  14  15  16  17  18  19  20  21  22  23  24  25  26  27  28  29  30  31  32  33  34  35  36  37  38  39  40  41  42  43  44  45  46  47  48  49  50  51  52  53  54  55  56  57  58  59 CHEN, 2004) . Institutional proximity refers to a more general set of formal or informal rules for individual behaviour (NORTH, 1990) . The stability of these institutions is again closely related to social and cognitive proximity, as they can support the effectiveness of interactions and options to sanctions against non-compliance with institutional rules (COLEMAN, 1986) .
Institutions to prevent default are supported by social proximity, which creates trust through personal contacts (NOOTEBOOM, 2002; DUPUY, TORRE, 2006 MCCANN, 2006) . The function of the gatekeeper from the perspective of the regional innovation system refers to the establishment of linkages to creative ideas outside the system. This creation of external links serves as a solution particularly to overcome lock-in constellations within the regional system, but is only possible, if the absorptive capacity of the regional interregional knowledge exchange should be more common and gatekeepers should face fewer difficulties to be integrated into different innovation systems and communicate between them. For our investigation, this motivates three hypotheses to be analysed in the case study of human embryonic stem cell research: -Knowledge interaction in science driven sectors is more based on cognitive proximity than on geographical proximity. Before we turn to the experiences with interregional interaction, a brief overview to human embryonic stem cells shall help to understand the challenges for knowledge management in this segment.
Human Embryonic Stem Cell Research as Science Driven Sector
Stem cells are special kinds of cells, which have the unique capacity to renew themselves and to give rise to specialised cell types. Although "normal" cells are committed to specific functions (heart, skin or pancreas), stem cells remain uncommitted until they receive a signal to What explains the character of human embryonic stem cell research as a science driven sector? So far, practical applications are only rarely given and most of the impact on future therapies is based on hopes. For the understanding of knowledge required, however, the abstract relationship between research in human embryonic stem cell segments and the potential target markets is more relevant and at least partly visible. The technological paradigm based on stem cell research, regenerative medicine, transplantation medicine and tissue engineering implies a radical change from incumbent paradigms in pharmaceutical markets, if personalised therapies are available, which are based on cells that are originally derived from the patients. This requires an accepted theoretical concept on the functioning, emergence and differentiation of stem cells, which has to be proved in labs as well as clinical research, thus basic research has to be related to experimental applications to achieve new products (therapies).
Without any understanding of the theoretical concepts, new products in tissue engineering or drug screening cannot be developed, while without practical experiences in the derivation of new stem cells progress in theoretical concepts is limited. Consequently, scientific excellence decides on the capabilities to develop innovations and new markets, and any exploitation and commercialisation crucially depends on the integration of scientific researchers. In the next section, we take a look at policy initiatives and instruments on the national level to overcome these challenges for knowledge production in human embryonic stem cell research and enhance the interregional knowledge interaction.
Stem Cell Policies in Selected European and Asian Countries
Stem cell policies refer in most countries to three categories: -financial incentives for knowledge production, -general regulatory framework for knowledge production, affecting inter alia intellectual property rights, access to capital markets, organisation of research associations and qualification schemes, and -specific regulatory framework aimed to affect directly stem cell research methods.
Within this paper, it is not possible to go into detail on every category for several countries (SCI, 2006; HALLIDAY, 2004 , for further information). We will concentrate on strategic priorities within the three fields distinguishing three European and three Asian countries particularly considering the impact on different forms of proximity and the role of gatekeepers. In the following fifth section we will take a look at the actual interregional outreach from these countries and the role gatekeepers actually play.
Within Europe, the three countries under consideration are United Kingdom (UK), Germany and Sweden, as there are remarkable differences in strategic objectives and instruments between the three countries. UK integrated its stem cell policy within an already existing regulatory framework based on the Human Fertility and Embryo Act and the central role of the Hu- researchers and the emergence of an actual innovation system including the whole knowledge value chain from generation to commercialisation. Consequently, they lost researchers to other countries offering higher research budgets and better access to resources but gained researchers from other countries who are particularly interested in networking and access to a supportive legal framework. The philosophy of proximity within this strategy is driven by a connection between (at least temporal) geographical and social proximity with institutional and cognitive proximity. Geographical and social proximity is enhanced by the organisation Compared to United Kingdom and Germany, Sweden represents a relatively small country.
Thus, researchers are more dependent on international collaboration to have a necessary basis for interaction. The regulatory framework for human embryonic stem cell research is relatively liberal to help researchers to be embedded into international networks and to prevent relocations of research groups to other countries. Easy access to venture capital and transparent rules for clinical applications shall also contribute to knowledge exploitation within the domestic context, although the Swedish market is too small to offer sufficient sales potential without additional international sales. Accordingly, there is a strong focus on geographical and cognitive proximity in the domestic focus to develop a necessary "critical mass" for knowledge interactions. On the basis of these domestic linkages, gatekeepers between regional and international innovation systems not only focus on cognitive linkages based on research collaboration. Access to international capital markets and cooperation with multinational firms shall also lead to organisational and institutional proximity, although these options are so far restricted to niche applications and adult stem cell research options due to the early stages of human embryonic stem cell knowledge production. However, these gatekeeping activities already aim at knowledge examination and commercialisation needs.
In Asia, Singapore, China and Korea follow different strategic pathways in stem cell policies due to different starting conditions and potentials. China as the biggest country with several research centres focuses particularly on the emergence of a national innovation system based on experiential knowledge from Chinese researchers with experiences in other countries. By providing a world-class infrastructure and a regulatory framework with only few barriers to human embryonic stem cell research, fast development of concrete applications is the main standards, they were implemented. The main focus, however, was still laid on the access to international scientific networks to achieve cognitive proximity on research experiences. Table 1 presents a brief summary to this overview. The information refers to stem cell policies in general. As human embryonic stem cell research is the research segment within stem cell research with the strongest international differences, the described differences are even more visible for this research segment. We see gate-keeping functions as a product of already existing concepts of proximity and priorities in the knowledge production on the domestic level. Germany in Europe and China in Asia are the countries with the strongest focus on cognitive proximity and the use of domestic researchers as gate-keepers, but for different reasons: for Germany the reason lies in legal restrictions due to ethical concerns, in China the strategy is based on the need to catch-up for knowledge generation capacities and is seen as an interim step to follow commercialisation strategies in a second phase. United Kingdom, Sweden, and Singapore follow broader concepts of proximity including also institutional, organisational and social proximity. Their view is already directed towards knowledge examination and commercialisation. Korea follows a niche strategy with researchers as gatekeepers and formal institutional proximity via common formal rules. In the next section, we take a look at the actual interaction between researchers in the different countries and try to relate these results to the strategic differences observed in policies.
Insert Table 1 here
5.
International knowledge flows in human embryonic stem cell research
In the second section, we introduced the concept of the knowledge production process including knowledge generation, examination and exploitation. We will use this differentiation in this section to analyse the existing international interaction in human embryonic stem cell The relations between the national innovation systems are illustrated in Figure 1 international co-publications. Thus, a part of these differences might also be related to the higher dependence of small countries (Sweden, Singapore) on external linkages than bigger countries. The linkages between the EU countries are weaker than between the single Euro- linkages. This means that cognitive and social proximity seem to be more important for international linkages than organisational proximity.
Insert Figure 1 here
These observations were confirmed by the investigation of formal and informal cooperation and the interviews. The cooperation patterns were analysed on the basis of official documentation (on websites or publications) and a questionnaire sent to representatives of 600 firms, universities and research institutes. A great diversity of international partners was mentioned, even those researchers with a high number of international partners reached only small numbers on the question to name the most important international or national partner in stem cell research. This underlines the observation that personal contacts play a major role for knowledge interaction, and that organisational proximity across the borders is not so important for knowledge generation. Within the interviews, we asked for major driving forces for international research cooperation. Most of the interviewed researchers mentioned research excellence as the most important factor -stressing the relevance of cognitive proximity as motivation for interaction -, followed by existing personal and social contacts. Here, temporary research stays, e.g. for postgraduate research, play an important role for continuous linkages.
Permanent migration of researchers still is an exception, primarily caused by better access to crucial resources (e.g. oocytes for the derivation of embryonic stem cells), as most researchers try to maintain their social embeddedness. Summing up, cognitive and social proximity seem Knowledge examination includes proofs of quality of new knowledge, intended or nonintended side-effects and possible applications. Here, joint understanding of standards for knowledge generation and dissemination play an important role to trust in the data provided.
Within human embryonic stem cell research, researchers stress the specific challenges of knowledge examination, as most of the research results still consist of tacit elements of experimentations due to the novelty of research methods and experiences, and several additional proofs are needed to verify them. The interviews revealed that there is a relatively high amount of uncertainty on the international compliance with research standards, particularly after the proof that research results by a Korean team in two "Science" publications were faked and the research was carried out with oocytes donated by dependent research assistants.
Researchers mentioned that the delayed revelation of the fakes and the lack of knowledge on these fakes of the US co-author of one of the papers, were caused by cultural differences in the research teams: While in North America and Europe discursive processes within the research teams and specific protection of research assistance against exploitation are routines, the former is relatively unknown to research cultures in Korea and the later was only later implemented into legal rules. Accordingly, trust in research results is concentrated on research teams with similar institutional research standards and personal contacts: institutional and social proximity are assessed as main prerequisites for knowledge interaction. These prerequisites will gain importance, if the first human embryonic stem cell therapies will reach the stage of clinical tests in the next years. Many researchers fear that without strengthening institutional proximity on standards for research first clinical applications for human patients will be introduced too early and cause risks of bad experiences discrediting the whole research field. This determines their willingness to act as gatekeepers to innovation systems in other engineering require ongoing interaction between research and therapy teams, which have been realised so far by few research organisations and firms. As human embryonic stem cell research is still diversified along many different research segments, the cognitive linkages between more theoretical research fields and more application-based fields are relatively weak with researchers still talking on "different disciplines". According to the interviews, however, international interaction on knowledge exploitation not only requires more efforts to bridge cognitive gaps but to improve organisational proximity to develop long-term frameworks of cooperation with transparency on objectives and organisational routines. Again, gatekeepers do not only have to focus on cognitive proximity, but here also on organisational proximity to build up suitable collaboration or firm structures. Within the statements of the experts interviewed, the British approach to link different types of proximities together and to support gatekeepers, which are not only focused on cognitive proximity, was seen as the most suitable way to deal with the uncertainties of international collaboration. This and the relatively positive attitude of the international experts towards the approaches in Sweden and Singapore might also be motivated by the relatively strong focus of policies in these countries on integration into international knowledge flows, while for other countries other objectives (ethics) or possibilities (high amount of national researchers) might be more important. Any assessment of policies has to be seen against the background of national contexts. The second hypothesis referred to the focus of interregional gatekeepers in science-driven sectors. Their main function should be the improvement of cognitive and institutional proximity by organising joint conferences and publications and executing reviews. In practice, however, the social contacts seem to play a role as vital as these organisational and cognitive attempts. In particular for knowledge examination, the experiences show that institutional proximity might still be too weak even in the case of scientific norms to guarantee common actual understanding of standards and compliance with them. Trust is dependent on social The starting point of this paper was the observation, that regional policies treat science-driven sectors in a different way, because mobility and knowledge interaction are expected to be realised easier due to the high level of codification and geographical proximity should not be important as in other sectors. In most countries, gatekeepers are therefore focused on cognitive proximity. In the case of human embryonic stem cell research, however, these expectations cannot be confirmed. For the researchers, geographical and social proximity still plays a vital role and with increasing relevance of applications for therapies these dependencies might even increase to assure compliance with joint quality standards. For research and regional policies, this should lead to a higher awareness of other forms of proximity than cognitive proximity: the organisation of interregional conferences to strengthen temporary geographical and social proximity as well as joint research project schemes with other countries to build up organizational proximity seem to be important elements within such strategies. In particular to strengthen the linkages between Asia and Europe (and North America), these elements have to be stressed to reduce uncertainties on scientific knowledge exchanged. Stem cell research seems to be a specific case, particularly when considering the ethical debates. The experiences in the interviews, where the high amount of uncertainty was raised as the decisive challenge for collaboration, which is typical for many basic research disciplines, and similar results in other studies on biotechnology, however, lead to the conclusion that science policy in general should more include elements of social, institutional and organizational proximity to improve linkages to innovation systems in other countries. (based on copublications; left 1991-93; right 2001 -2003 Winterhager, Camargo, 2005) 1  2  3  4  5  6  7  8  9  10  11  12  13  14  15  16  17  18  19  20  21  22  23  24  25  26  27  28  29  30  31  32  33  34  35  36  37  38  39  40  41  42  43  44  45  46  47  48  49  50  51  52  53  54  55  56  57  58  59  60 
